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Abstract 
The paper discusses the use of neural network to classify the types of cervical cells 
based on Bethesda system; which are normal, low-grade squamous intraepithelial 
lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL). The current 
study proposed new neural network architecture, namely hierarchical multilayered 
perceptron (HiMLP) network. The proposed neural network was trained using 
modified recursive prediction error (MRPE) algorithm. Four cervical cells features, 
which are size of nucleus, size of cytoplasm, grey level of nucleus and grey level of 
cytoplasm, were used as input data. The HiMLP network was trained using 128 
samples and tested using 72 samples. The results show that the HiMLP network gave 
promising diagnostic performance by producing high accuracy, sensitivity and 
specificity as well as reduc ing false negative and false positive rate. Furthermore, the 
proposed neural network also produced better diagnostic performance compared to two 
common neural networks; the RBF and MLP networks. 
 
Introduction 
In general, cancer of the cervix is the second most common cancer among females in 
developing countries after breast cancer (Othman, 2003, HTAC, 2003). Cancer of the 
cervix is preventable. The precursor cells can be easily detected provided the women 
do regular screening tests called Papanicolaou test or better known as Pap test 
(Othman, 2003, Kuie, 1996, Adami et al., 1994). A computer model analysis has found 
that the proportion of cervical cancer reduction are approximately 30% for a smear 
taken once every 10 years, 80% for every five years, 90% for every three years, 91% 
for every two years and 92% for an annual smear (Kuie, 1996). 
 
However, Pap test does not always produce good diagnostic performance due to bad 
Pap smear samples, technical errors and human errors (Othman et al., 1997, Kuie, 
1996, Hislop et al., 1994). Besides that, the task of examining Pap smear slides for 
abnormal cervical cells requires an experienced cytopathologist and thus expensive 
and time-consuming, especially in developing countries. These problems have 
encouraged several previous studies to develop diagnosis technique or system based on 
neural networks to increase the diagnostic performance. In the literature, neural 
networks offer good diagnosis performance as a cervical cancer diagnosis technique. 
For example, Frable (2001) and Kok et al. (2001), proved that neural networks have 
good ability to detect rare and significantly abnormal cell as well as the small 
undifferentiated reserve parabasal type cell that, when present in small numbers, is 
very difficult to find by conventional screening. 
 
In the current study, we proposed a new specially designed neural network as an 
intelligent cervical cancer diagnostic system. As compared to previous studies (eg. Li 
& Najarian, 2001, Balasubramaniam et al., 1998), the current study took one step 
further by classifying cervical cells into three classes based on Bethesda system; which 
are normal, low-grade squamous intraepithelial lesion (LSIL) and high-grade 
squamous intraepithelial lesion (HSIL). For that purpose, the current study proposed a 
new neural network called hierarchical multilayered perceptron (HiMLP) network.  
 
Hierarchical Multilayered Perceptron Network 
In many previous studies, multilayered perceptron (MLP) network has commonly used 
to classify cervical cells into normal and abnormal cells (Li & Najarian, 2001, Mitra et 
al., 2000, Balasubramaniam et al., 1998). In those studies, the MLP network gave 
acceptable and very promising results. In the current study, a modified version of the 
MLP network called hierarchical multilayered perceptron (HiMLP) network is 
introduced to increases the MLP network’s performance in classifying cervical cells’ 
types. The HiMLP network consists of two MLP networks, which are cascaded 
together as shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Block diagram of the HiMLP network. 
 
The classification of cervical cells’ type is divided into two stages. In the early stage, 
all data will be fed to the first MLP network. The first MLP network will classify the 
data into normal and abnormal cervical cells. The first MLP network also has a 
purpose to filter the normal cells and ensure only the abnormal cells consists of LSIL 
and HSIL cells to be fed to the second MLP network. The classification of the 
abnormal cervical cells into LSIL and HSIL cells will be done by the second MLP 
network. The HiMLP network is trained using modified recursive prediction error 
(MRPE) algorithm. Refer to reference Mashor (2000a) for implementation of MRPE 
algorithm. 
 
Methodology 
In order for HiMLP network to be used as cervical cancer diagnostic technique, the 
features of cervical cells that are extracted by human expert could be used as HiMLP 
network inputs. The images of cervical cells have been captured from Pap smear slides 
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using a computerised microscope. Four features have been manually extracted from 
the computer images of cervical cells. The features are size of nucleus, size of 
cytoplasm, grey level of nucleus and grey level of cytoplasm. 
 
In the current study, the HiMLP network was trained with 128 samples, which 
consisted of 32 normal cells, 32 LSIL cells and 64 HSIL cells, while 72 samples, 
which consisted of 18 normal cells, 18 LSIL cells and 36 HSIL cells, were used as 
testing data. Accuracy, sensitivity, specificity, false negative and false positive were 
used to determine the suitability and capability of HiMLP networks to classify the 
cervical cells.  
 
Results 
In the current study, the diagnostic performance of the proposed HiMLP network was 
compared to the performance of conventional RBF and MLP networks. The RBF 
network was trained using Given least squares (Chen et al., 1992) and moving k-means 
clustering (Mashor, 2000b) algorithms. The MLP network was trained using MRPE 
algorithm. Table 1 shows the cervical cancer diagnostic performance of those neural 
networks. From the results, the proposed HiMLP network has successfully screened 
the cervical cells with much higher accuracy and sensitivity than the conventional RBF 
and MLP networks. The HiMLP network improved the accuracy with 19.50% and 
19.00% compared to the RBF and MLP networks respectively. The HiMLP network 
also achieved better sensitivity than the RBF and MLP network with 26.00% and 
25.33% improvement respectively.  
 
The HiMLP network also kept the false positive rate to some considerably low value, 
which was only 7.00%. The reduction of rate is 42.00% and 41.00% compared to the 
RBF and MLP networks respectively. False negative rate was also very low, which 
was 2.00%.  
 
Table 1: Cervical cancer diagnostic performance of RBF, MLP and HiMLP networks. 
 RBF MLP HiMLP 
Accuracy 75.50 76.00 95.00 
Sensitivity 67.33 68.00 93.33 
Specificity 100.00 100.00 100.00 
False Negative 0.00 0.00 2.00 
False Positive 49.00 48.00 7.00 
 
Conclusion 
In this study, a new neural network called HiMLP network was proposed to perform 
cervical cells classification. The HiMLP network was trained using MRPE algorithm. 
The results show that the HiMLP network produced high accuracy, sensitivity and 
specificity, and reduced false positive and false negative rate. The results also show 
that the HiMLP network gave better diagnostic performance compared to two 
conventional neural networks; the RBF and MLP networks. These indicate that the 
HiMLP network is suitable to be used for classification of cervical cells into normal, 
LSIL and HSIL cells. 
 
This finding is very useful in developing an intelligent screening system for cervical 
cancer. The proposed neural network produces high diagnostic performance that could 
increase the conventional diagnostic performance. Furthermore, it can reduce the 
workload of pathologists, thus it is more time-effective and cost-effective. 
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